Abstract Purpose: Our goal was to determine the impact of pathologic response after neoadjuvant chemotherapy in triple negative breast cancer (TNBC) on the subsequent risk of locoregional recurrence (LRR) and disease-free survival (DFS) in the setting of adjuvant radiation therapy. Methods and materials: This was an institutional review boardeapproved retrospective chart review of patients with clinical stage I-III breast cancer treated with neoadjuvant chemotherapy, local surgery (breast conservation or mastectomy), and adjuvant radiation therapy between 1997 and 2015. Medical records were reviewed for clinical stage, tumor grade and subtype, neoadjuvant chemotherapy regimen, type of surgery, pathologic stage, use of radiation therapy, date and location of recurrence, and date of death. Molecular subtypes were defined using immunohistochemistry and histologic grade. ypT0 and ypN0 were defined as no residual invasive disease in breast or nodes, respectively. LRR was defined as any failure within the breast, chest wall, or regional lymph nodes. Statistical analysis was performed; LRR and DFS rates over 30 months were determined from Kaplan-Meier plots. Results: Ninety-four patients with TNBC were analyzed, of whom 72 received radiation therapy. This subgroup was isolated for further investigation. Median follow-up was 32.5 months in this group. The pathologic complete response (pCR) rate was 36%, and presence or absence of disease in breast and/or nodes was significantly predictive of LRR. In TNBC patients who received radiation therapy, 30-month LRR was 22% in 41 patients with ypTþ versus 0% in 31 patients with ypT0 (P Z .003), 23% in 31 patients with ypNþ versus 5% in 41 patients with ypN0 (P Z .016), and 20% in 46 patients with residual disease in breast or nodes versus 0% in 26 patients with pCR (P Z .015). The difference in the rate of LRR between those who underwent lumpectomy versus mastectomy did not reach significance (8% vs 17%, respectively). Furthermore, patients with residual disease had a higher rate of DFS events (hazard ratio, 3.58; 95% confidence interval, 1.37-9.41; P Z .006). The difference in DFS was not significantly associated with the type of surgery received.
Conclusions: Patients with TNBC treated with neoadjuvant chemotherapy who have residual disease in the breast or lymph nodes at the time of surgery have significantly higher rates of locoregional failure and lower DFS compared with those with a pCR despite the use of adjuvant radiation therapy. Strategies to intensify therapy for patients with residual disease warrant further investigation. ª 2017 the Authors. Published by Elsevier Inc. on behalf of the American Society for Radiation Oncology. This is an open access article under the CC BY-NC-ND license (http:// creativecommons.org/licenses/by-nc-nd/4.0/).
Background
Breast cancer is the most common type of cancer that affects women worldwide, and about 1 in 8 women will be diagnosed with breast cancer in her lifetime. Furthermore, 1 in 5 cases of breast cancer is of the "triple negative" subtypedthat is, negative for estrogen receptor, progesterone receptor, and human epidermal growth factor receptor 2dand these cases tend to be particularly aggressive with a higher propensity for metastatic disease and local failure compared with other subtypes. 1 Despite this characteristic, triple negative breast cancer (TNBC) can be chemotherapy-sensitive, particularly to anthracyclines and taxanes. We are increasingly using neoadjuvant chemotherapy (NAC) for patients with TNBC with the goal of achieving pathologic complete response (pCR) because patients who have a pCR have improved diseasefree survival (DFS) compared with those with residual disease in the breast or nodes. 2, 3 Previous studies have shown that NAC can achieve pCR rates in the range of 25% in this patient subset, and that if a pCR is achieved through NAC in TNBC, these patients achieve survival rates similar to patients with less aggressive subtypes of breast cancer. 4 Several investigators have also shown higher rates of local recurrence in patients with TNBC. 4e6 Given this, many studies have attempted to determine risk factors for locoregional recurrence (LRR) to help stratify patients and create treatment guidelines. National Surgical Adjuvant Breast and Bowel Projects 18 and 27 demonstrated that clinical tumor status and pathologic response after NAC predict risk for LRR in breast cancer patients, but did not look at molecular subtype. 7 Furthermore, a retrospective study from M D Anderson Cancer Center demonstrated that there was a significant reduction in LRR with the use of radiation therapy in patients with stage III breast cancer of any subtype who received NAC. 8 Several reports have shown that locoregional failure is higher for triple negative patients treated with NAC who have residual disease found at surgery 9e11 ; however, data are scarce for locoregional failure by chemotherapy response in the setting of adjuvant radiation therapy. In this retrospective review, therefore, we analyzed outcomes of patients at the University of California San Diego (UCSD) who received NAC for TNBC, followed by surgery and radiation, to determine LRR and DFS based on pathologic response.
Methods and materials Study design, patients, and definitions
This study was a retrospective, single-institution analysis that was approved by the institutional review board and is compliant with the Health Insurance Portability and Accountability Act. All subjects presented to the UCSD Moores Cancer Center for curative treatment of breast cancer between 1997 and 2015. The inclusion criterion of this study was women 18 years of age or older who received NAC for stage I-III breast cancer; notable exclusions included male patients, patients with ductal carcinoma in situ alone at presentation, patients with metastatic disease at presentation, and those who received neoadjuvant hormonal treatment only (ie, no chemotherapy). The UCSD cancer registry was queried to select those patients who met the inclusion criterion for the retrospective study, and their medical records were subsequently reviewed for clinical stage, tumor grade and subtype, NAC regimen, type of surgery, pathologic stage, use of radiation therapy, date and location of recurrence, and date of death. TNBC was defined as lack of any level of estrogen receptor or progesterone receptor positivity and no amplification of Her2. Only those TNBC patients who received adjuvant radiation therapy were included in this analysis. ypT0 and ypN0 were defined as no residual invasive disease in breast or nodes, respectively. LRR was defined as any first failure within the ipsilateral breast, chest wall, or regional lymph nodes alone or in combination with distant metastases.
Statistical analysis
Statistical analysis was performed using Microsoft Excel, SAS, and R. To determine if the difference in LRR rate between those with and without pCR, with and without residual breast disease, and with and without residual node disease was significant, Kaplan-Meier curves were created and log-rank tests were performed to compare the 2 curves in each instance. A similar process was done when determining 30-month DFS rate significance; a Cox hazard ratio calculation was also performed in analysis of DFS.
Results
Patient and tumor characteristics of the 72 qualifying patients included in this study are summarized in Table 1 . NAC included anthracycline and taxane in the majority of patients (83%). The remainder received either an anthracycline or a taxane.
Radiation therapy details
Radiation therapy to the intact breast or chest wall with or without regional nodes was at the discretion of the treating physician. The majority of patients were prescribed 50 Gy in 25 to 28 fractions to the treated area.
Locoregional control
Retrospective analysis of the patients in our study demonstrated a significant difference (P Z .015) in locoregional control between patients who achieved pCR and those who had residual disease at surgery (Fig 1) . None of the patients who had a complete response experienced a locoregional failure. In the patients who had residual disease, the 2-year freedom from locoregional failure was 72.5% (95% confidence interval [CI], 57.4-91.5).
This difference remained significant (P Z .003) when comparing patients who had residual breast disease versus those who had no tumor burden in the breast, regardless of node status (Fig 2) . In the patients who had residual primary tumor, the 2-year freedom from locoregional failure was 67.3% (95% CI, 49.8-90.8). Figure 3 shows a similar finding of significantly improved locoregional control (P Z .016) when comparisons are based on residual nodal disease alone; in the patients who had residual nodal disease, the 2-year freedom from locoregional failure was 65.0% (95% CI, 45.4-93.3).
Of note, there was no significant difference in locoregional failure based on the type of surgery performed after NAC. Three of 37 (8.1%) patients who underwent breast conservation failed locally compared with 6 of 35 (17.1%) who underwent mastectomy (P Z .25). Table 2 lists sites of LRR, including whether they were in-field. At least 78% of locoregional failures were in-field (7 of 9). Radiation therapy fields were not available for 1 patient and another had a marginal miss.
DFS
Further investigation was undertaken to determine whether pCR status, aside from being associated with 
Discussion
This report describes a retrospective analysis of locoregional failure and overall DFS outcomes in women treated with NAC for TNBC based on pathologic response at the time of surgery. If patients are found to have residual disease in the breast or axillary nodes at the time of surgery, they are at significantly higher risk of locoregional or systemic failure than those having a pCR despite the use of adjuvant radiation therapy. It is, to our knowledge, the largest report on triple negative patients with detailed radiation therapy treatment records documenting a high rate of in-field recurrences in patients with residual disease after NAC.
Le Scodan et al recently published their experience with NAC in a group of stage II and III breast cancer patients treated with mastectomy and N0 at the time of surgery. A total of 58.2% of patients had PMRT. There was no benefit to PMRT in terms of LRR-free survival or overall survival. There was a trend toward poorer survival in patients without a pCR in the breast. The strength of the report was the uniform surgical management of patients. Although they categorized estrogen receptor, progesterone receptor, and Her2 status, they did not analyze TNBC patients separately. 12 Because TNBC is much more likely to recur, yet only makes up a small fraction of all breast cancers, the broader inclusion criteria in this French study could have obscured the findings presented. Jwa et al evaluated LRR in a group of 335 patients with stage II-III breast cancer treated with NAC, breast-conserving surgery, and radiation, of whom 61 had TNBC. Patients with TNBC had higher ipsilateral breast tumor recurrence rates and higher LRR rates than the non-TNBC patients, and there was a trend toward better LRR and improved ipsilateral breast tumor recurrence with a pathologic complete response similar to our study. 13 Caudle et al similarly looked at response to NAC and outcome in a group of 595 patients at M D Anderson. Patients with Her2þ or TNBC biology with a poor response to NAC had worse LRRfree survival after breast-conserving therapy compared with other subtypes. 10 Our current analysis adds to the existing literature on LRR in TNBC because it includes patients who have Figure 3 Kaplan-Meier curves for locoregional control for patients with (pNþ) and without (pN0) residual disease in the axillary lymph nodes. undergone both NAC and adjuvant radiation therapy, yet includes patients with any nonmetastatic stage disease. For example, even though Abdulkarim et al found that radiation therapy with breast-conserving surgery was superior to mastectomy alone for LRR in TNBC, not only did their patient population not receive NAC, but the population was limited to node-negative disease only. 9 The prospective, randomized controlled Chinese trial done by Wang et al also shares similar weaknesses in that, although it demonstrates the effectiveness of radiation treatment in addition to chemotherapy over chemotherapy alone for DFS and overall survival, chemotherapy was used adjuvantly in their TNBC study. 14 The study in the current literature most similar to that described here was done at Columbia University and showed results comparable to ours; namely, that if pCR is not achieved with NAC for TNBC, there is a much greater risk of LRR even if adjuvant radiation therapy is given. 15 However, their study only had 36 TNBC patients and focused on comparing TNBC patient results with those of other subtypes, instead of specifically parsing out the location of residual disease in TNBC alone, as was done in our study. Our findings here therefore provide valuable insight and build upon those previously published in the literature.
Some limitations of our study should be noted. First, our study was a retrospective investigation, meaning that prospective studies should be undertaken to verify our findings. In addition, because of the strict inclusion and exclusion criteria of our study, despite surveying patients across nearly 2 decades of treatment, we were able to include only 72 patients in our analysis, and these patients had both breast-conserving surgery and mastectomy, which could obscure important findings regarding local recurrence in either group.
In conclusion, patients with TNBC who have residual disease following NAC are at high risk of both locoregional failure and death from breast cancer even when radiation therapy is given. Further treatment intensification is warranted, and consideration should be given to additional systemic therapy either by itself or concurrent with radiation therapy.
